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Abstract 
Psychological stress is closely related to laryngeal functions and its disorders. The present 
study investigated the effects of acute psychological stress on physiological and voice 
parameters in vocally healthy children. The Children Trier- Social-Stress-Test (TSST-C) 
protocol was translated and adopted to induce acute psychological stress. Seventeen vocally 
healthy boys participated in the study, they were required to tell a story and complete a 
mental arithmetic task in front of an unfamiliar experimenter. Heart rates, self-perceived 
anxiety levels and acoustic voice parameters (mean fundamental frequency and standard 
deviation of fundamental frequency) were monitored throughout the acute psychological 
stress manipulation. Results revealed significant increase in heart rates and self-perceived 
anxiety levels during story telling task compared to other experiment phases (baseline, mental 
arithmetic task and feedback phase). The results supported the use of the modified version of 
TSST-C protocol in inducing acute psychological stress in laboratory setting. However, 
fundamental frequency and standard deviation of fundamental frequency did not vary 
significantly as a response of stress manipulation by the protocol.  
 
Key words: children, Children Trier Social Stress Test (TSST), story telling, fundamental 
frequency, standard deviation of fundamental frequency 
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Effects of acute psychological stress on acoustic measures in vocally healthy children 
In our fast-paced and modern society, many people nowadays experience various 
psychological stress in their work and life. According to World Health Organization [WHO] 
(2004), the perception of stress is triggered by the threats and challenges in life and it may 
negatively affect an individual’s mental and physical health. Stress is defined as ‘a process in 
which environmental demands tax or exceed the adaptive capacity of an organism, resulting 
in psychological and biological changes’ (Cohen, Kessler & Underwood Gordon, 1995, p.3), 
and it is accompanied by particular emotions such as fear, anxiety or anger (Hollien, 1990). 
Psychological stress is closely related to laryngeal functioning and hence its disorders 
(Aronson & Bless, 2009; Dietrich & Verdolini Aboott, 2008). The basic principle is that 
perceived stress would lead to an increase in laryngeal muscle tension, and muscle tension 
dysphonia (MTD), which is a voice disorder with the absence of neurological or structural 
origin, may be resulted if the stressful situation becomes chronic (Dietrich & Verdolini 
Abbott, 2008). 
To explain the relationships between psychological stress and biological response, 
researchers have identified several neuro-physiological system which response to emotional 
arousal and environmental stress, including the affect arousal system, the behavioral 
inhibition system and the behavioral activation system (Boucsein & Backs, 2000). Gray 
(1982) suggests that the dominance of behavioral inhibition system (BIS) under 
psychological stress serves as the basis of anxiety and causes adaptive motor responses. 
According to Gray, a comparator in brain detects the conflicts between an individual’s goal 
and the current environmental situation, and generates the signals of punishment or reward. 
Under stressful conditions (such as public speaking, work-family conflicts and cognitive 
tasks), the signal of punishment and/or non-reward may be generated and hence activates the 
BIS. The BIS would suppress on-going motor response and increase the individual’s sense of 
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alarm. Gary and McNaughton (2004) argued that the inhibition and deceleration of on-going 
motor response may avoid performing an action which leads to punishment. On the other 
hand, the increase in sense of alarm would facilitate risk assessment of the current situation. 
This could help in making correct decision to cope with the current situation and in turn 
enhance an organism’s survival chance.  
 Roy and Bless (2000) proposed a theory of the dispositional bases of vocal nodules and 
functional dysphonia, in which they suggested the possible relationship between BIS and 
laryngeal functioning under psychological stress. According to the theory, when a signal of 
punishment is perceived, the BIS may attempt to suppress the ongoing vocal function to 
avoid possible punishment induced by the speech task. Nevertheless, if the speaker is forced 
to communicate, the behavioral inhibition will interfere the goal of vocal activation and result 
in elevation of laryngeal muscle tension. The physiological change in voice production 
mechanism will alter the voice quality (Scherer, 1986). For example, strained and effortful 
speech pattern (Dietrich, 2008; Roy and Bless, 2000), monotonous speech (Aronson & Bless, 
2009; Scherer, 1986) and high-pitched voice (Scherer, 1986) are predicted as a result of 
increased laryngeal muscle tension under psychological stress.  
Voice is often considered as an indicator of psychological status and can reflect 
psychological stress (Deary, Wilson, Carding & Mackenzie, 2003; Tolkmitt & Scherer, 1986). 
Among different acoustic parameters, increases in F0 as a response to acute psychological 
stress is observed in both naturally stressful situation and laboratory studies in adult 
population. Studies in naturally stressful situations recorded and analyzed the acoustic 
changes in participants’ speech under challenges or threats in real daily lives. For instant, 
Williams and Stevens (1969) reported a significant increase in F0 in pilot’s speech during 
flight complications. Streeter, Macdonald, Apple, Krauss, & Galati, (1983) found a 
significant increase in vocal pitch with increased situational stress in a system operator’s 
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speech while he was talking with his immediate superior. Wittels, Johannes, Enne, Kirsch, & 
Gunga (2002) also reported an increase in F0 in soldiers when they were performing a highly 
stressed military task.  
In the laboratory studies, various methods were used to induce psychological stress. 
These methods include presenting disgusting pictures such as those of severe accidental 
injuries (Tolkmitt & Scherer, 1986), using cognitive workload tasks including tongue twister 
or reverse alphabet (Mendoza & Carballo, 1998), or adopting public speaking task (Dietrich, 
2008; Goberman, Hughes, Haydock, in press; Meinerz, 2008). A trend of increasing F0 under 
experimental induced psychological stress was generally reported, but individual difference 
was observed and the results obtained were much weaker than those obtained from to real life 
studies. Tolkmitt and Scherer (1986) suggested that this may imply the stress elicited in 
laboratory setting is less powerful than those naturally occurred in real life situation.  
Apart from the change in F0, a significant decrease in standard deviation of 
fundamental frequency (SDF0) was also predicted under stress manipulation (Scherer, 1986). 
SDF0 reflects the dynamic of speech as the liveliness and interestingness of the voice 
increase with higher SDF0 value (Hinck, 2004). Scherer suggested that the elevation of 
muscle tension in vocal folds and extra-laryngeal muscles under acute psychological stress 
would result in a relatively monotonous speech, and it could be reflected by a decrease in 
SDF0 value.  
Despite an array of studies with adults, there are only a few reports on the 
psychological stress correlates of voice parameters in young children. As the anatomical and 
psychological developments of speech mechanism in children are not yet completed (Glaze, 
Bless, Milenkovic & Susser, 1988), it is possible that children may have a different 
physiological response in speech mechanism under psychological stress when compared with 
adults. In addition, considerable evidence has shown that the coping strategies used by 
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children are different from that of adults (Band & Weisz, 1988; Peterson, 1989). Since the 
cognitive development is not completely mature in children, and their social experience is 
limited, their perception of psychological stress and the coping strategy adopted are likely to 
be different from adults. Therefore, further studies which investigate the effects of 
psychological stress on voice in children population are necessary.  
 
Objectives of the study 
The present study aimed to investigate the effects of acute psychological stress on 
psychological, physiological and acoustic parameters in children. A laboratory experimental 
protocol, Trier Social Stress Test for Children (TSST-C) (Buske-Kirschbaum, Jobst, 
Wustmans, Kirschbaum, Rauh and Hellhammer, 1997), was modified and adopted in this 
study to induce the acute psychological stress. The study result might contribute in evaluating 
the effectiveness of TSST-C in inducing psychological stress in Hong Kong children, as well 
as addressing the relationship between acute psychological stress and laryngeal functioning in 
young children.  
This study was of relevant to Hong Kong context. In Hong Kong, demands from 
parents, teachers and academic achievement result in high pressure on children (Cheung & 
Leung Ngai, 1992; Ho, 1996). An early study showed that the mean anxiety score of students 
in Hong Kong were higher than that of students in western countries (Shek, 1993). Another 
study revealed that Hong Kong students showed considerably high anxiety level before 
academic examinations (Li & Lopez, 2004a). The high level of perceived stress not only 
affects the children’s physical health, for example, increasing blood pressure and leading to 
abnormal cholesterol levels (Bossy, 2000), but also correlates with somatic, anxiety and 
depression symptoms and affect the children’s mental health (Cheung & Leung Ngai, 1992; 
Ho, 1996; Tomb & Hunter, 2004). The present study might help to address the concern 
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between mental health and voice in Hong Kong children.  
The experimental hypotheses for the study were: 
1. The modified and translated Trier-Social-Stress-Test for Children (TSST-C) protocol, as 
an acute psychological stress inducing experimental protocol, would result in a significant 
increase in self-perceived anxiety level and heart rate in children. 
2. The fundamental frequency (F0) of children’s speech would significantly increase and 
their standard deviation of fundamental frequency (SDF0) would significantly decrease 
under psychological stressful condition. 
Method 
Experimental Design 
A within-subject design was used in the present study. The independent variables 
included different phases during the experiment (baseline phase, stress manipulation phase, 
feedback phase). The dependent variables were heart rate, self-perceived anxiety level and 
acoustic measures including F0 and SDF0.  
 
Participants 
Twenty-three boys aged 9-12 years were recruited as participants. All of them were 
native speakers of Cantonese and were able to read and speak Chinese fluently. Because 
voice disorders in children occur predominantly in boys, only boys were enrolled in the study 
yet the generalization of the study result to the population would be possible.  
The participants’ speaking voice was judged as normal by the researcher based on 
auditory-perceptual judgment of conversational speech. Six participants were excluded from 
the study because they presented harsh voice, voice change related to puberty or suspected 
cognitive and language problems. This resulted in seventeen vocally healthy boys included, 
with mean age of 10.94 years (SD = 0.97, range = 9-12 years).   
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Instruments 
Anxiety thermometer 
An anxiety thermometer (Houtman & Bakker, 1989) was adopted to measure the 
participants’ self-perceived anxiety level during the study. The anxiety thermometer is an 
11-point equal-appearing- interval scale, ranging from 0 (not nervous at all) to 10 (extremely 
nervous) (Appendix A). The participants were required to subjectively rate their anxiety level 
by using this instrument immediately after each experimental task.  
 
Trier social stress test-children (TSST-C) 
Trier Social Stress Test- Children (TSST-C) was developed and evaluated by 
Buske-Kirschbaum and colleagues (1997). This test was reported to be effective in inducing 
acute psychological stress in children in laboratory settings and it has been used in researches 
in different cultures, namely German (Buske-Kirschbaum, von Auer, Krieger, Weis, Rauh, & 
Hellhammer, 2003; Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2002) and 
Netherland (Gilissen, Bakermans- Karnenbury, van IJzendoorn, & Linting, 2008). 
The original version TSST-C is in English and comprised of three phases: baseline, 
stress manipulation and feedback phase. In the baseline phase, participants are required to 
rest and relax. In the stress manipulation phase, the participants are required to prepare and 
tell a story as exciting as possible in front of an unfamiliar experimenter. They are also 
required to complete a mental arithmetic task. During the feedback phase, the participants are 
reassured that they are doing as good as other participants such that their anxiety will be 
comforted.  
The Trier Social Stress Test-children (TSST-C) (Buske-Kirschbaum et al., 1997) was 
translated and modified in the present study to adapt the cultural differences between Western 
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and Asian population (Appendix B and C). The modifications made are described below. 
During the baseline phase, the participants were required read aloud a simple standard 
passage. The passage was extracted from a local primary one textbook and thus would be 
easy for the participants who were studying in primary four to primary six. 
After then, a stress manipulation phase was conducted. The experimenter sat behind a 
table, which was located 2 m away from the participants during this phase. This phase 
consisted of two tasks: story telling and mental arithmetic task. The participants were given 
the beginning of a story, which was amended from the material used in a story telling 
competition for primary four to six pupils of a local primary school. The participants were 
told to finish the story as exciting as possible in front of the experimenter and try to perform 
better than all the other participants. They had preparation period of four minutes and they 
had to finish the story in a free speech of three minutes. The experimenter gave neutral 
feedbacks (such as head nodding without smiling) during the phase. If the participants 
finished their speech in less than three minutes, the experimenter would look at the 
participants with a neutral facial expression and do not speak. The task was terminated when 
the participants indicated they had finished their stories or the time limit was reached. 
After the story-telling, the participants were required to mentally subtract the number 
7 from 758 serially as fast and as accurately as possible. The participants had to restart from 
758 on every failure. The material used in mental arithmetic task is in primary three and four 
mathematics syllabus of Hong Kong Education Bureau and is considered to be at appropriate 
difficulty for the participants. 
During the feedback phase, the participants were debriefed that they performed as 
well as other participants. They had the opportunity to ask questions and discuss the stressful 
condition with the experimenter. This was to ensure that their anxiety was comforted. The 
participants were then required to read out the standard passage (the same as the one used in 
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baseline phase) again.  
 
Nowick-Strickland locus of control scale for children- Chinese version (CCNS-IE) 
As personality may affect an individual’s perception and reaction to psychological 
stress (Lazarus and Folkman, 1984), a personality test was included in the present study to 
evaluate possible effects of personality deposition (locus of control) on the perception of 
acute psychological stress in the participants.  
The Nowick-Strickland locus of control scale for children- Chinese version (CCNS-IE) 
(Appendix D) was translated from The Nowicki-Strickland locus of control scale for children 
(Nowicki and Strickland, 1973) (Appendix E) by Li and Lopez (2004b). It is a 19-item 
self-report questionnaire using ‘Yes-No’ response format which is designed to measure the 
generalized expectancies for external versus internal control of reinforcement among Chinese 
children. 
The CCNS-IE has established its reliability and validity in a sample of 237 school-age 
children in Hong Kong (Li & Lopez, 2004b). The test has high test-retest reliability 
(test-retest reliability coefficients=0.91) and reasonable internal consistency (Cronbach’s 
alpha=0.73-0.78 under different conditions) in children aged 9-12 years. The test has also 
been shown to possess good validity. The content validity index of the scale was 96% based 
on ratings of ten nurse experts; while the construct validity was established by comparing 
CCNS-IE with the state anxiety scale for children-Chinese version (Li and Lopez, 2004a) 
under different conditions.  
 
Procedure 
Approval to conduct the study was obtained from the Faculty Research Ethics 
Committee at The University of Hong Kong. Written consent was obtained from the school 
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principals and participants’ parents. The participants were also invited to sign a children 
assent form. Data collection was carried out at the Voice Research Laboratory, The University 
of Hong Kong. Upon the arrival to the laboratory, the participants were enrolled in a simple 
voice check procedure to ensure that they voice quality was normal. After that, they were 
required to complete the CCNS-IE before the laboratory session begun. 
During the laboratory session, an experimenter and a research assistant were present 
in the laboratory room for instrumental set up and operation. A headset microphone (The 
original, model C520 vocal, AKG Acoustics GMBH) was positioned at a distance of 5 cm 
from the participant’s mouth corner for audio recordings. The audio-recordings of reading 
aloud passage in baseline and feedback phases, as well as story telling and mental arithmetic 
task during stress manipulation phase were recorded. The participant’s heart rate was 
recorded every 30 seconds throughout the experiment using a fingertip pulse oximeter 
(Prince-100, Heal Force, Shenzhen Creative Ind.). The participant’s anxiety levels were 
self-rated by using the anxiety thermometer (Houtman & Bakker, 1989) immediate after each 
experimental task. 
 
Data Analysis 
The mean heart-rate in each experimental task was calculated. Connected speech 
samples obtained from different phases of the experiment (reading aloud passage in baseline 
and feedback phases, story telling and mental arithmetic task in the stress manipulation phase) 
were used for analysis. Praat software (ver. 5.2.18) was used to analyze the F0 and SDF0 of 
the speech samples. 
Because the acoustic analysis of speech sample involved visual judgment of the 
beginning and end of signal, inter-rater and intra-rater reliability was obtained for these 
subjective judgments. The extraction of speech sample was considered to be in agreement if 
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the measurement did not differ by more than 1%. An inter-rater was invited to analyze 29.4% 
of the data (i.e., 5 participants) and the overall agreement was 97%. Intra-rater reliability was 
determined by the researcher repeating the analysis for 35% of the data (i.e., 6 participants) 
after one month after the first analysis. The intra-rater agreement was 97.2%.   
 
Results 
CCNS-IE scores of the participants 
The generalized expectancies for external versus internal control of reinforcement 
among the participants were measured by CCNS-IE. Out of a possible maximum total score 
of 20 points, ranging from 0 (internally focus) to 19 (externally focus), the mean score of the 
participants was 4.41 (SD = 2.64, range = 1-9).  
 
Heart rate and self-perceived anxiety levels across the three phases 
Table 1 lists the means and standard deviations of heart rates and self-perceived 
anxiety levels during different experimental phases (baseline, story telling, mental arithmetic 
task and feedback). One-way repeated measure analysis of variance (ANOVA) were 
conducted to compare the change of heart rates and self perceived anxiety levels under 
different experimental phases. An alpha level of p = 0.05 was set for statistical analyses. The 
result showed that the heart rates are significantly different under different experimental 
phases, [F (3,48) = 26.66, p < 0.001]. Post hoc pairwise comparison with Bonferroni 
adjustment showed that participants’ heart rates were significantly faster during the story 
telling task than in other experimental phases (story telling versus baseline: p = 0.001; story 
telling versus mental arithmetic task: p < 0.001; story telling versus feedback: p < 0.001). It 
was also found that the heart rates in feedback phases is significantly slower than other 
experimental phases (feedback versus baseline, p = 0.005; feedback versus story telling, p = 
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0.001; feedback versus mental arithmetic task, p = 0.004). There was no significant difference 
between baseline and mental arithmetic task (p>0.05).  
For the self-perceived anxiety levels, the one-way repeated measure ANOVA showed 
that the anxiety levels were significantly different under different experimental phases, [F 
(3,48) = 32.56, p < 0.001]. Post hoc pairwise comparison with Bonferroni adjustment showed 
that participants’ anxiety levels were significantly higher during the story telling task than in 
other experimental phases (story telling versus baseline: p < 0.001; story telling versus 
mental arithmetic task: p = 0.001; story telling versus feedback: p < 0.001). It was also found 
that the anxiety levels in feedback phases is significantly lower than other experimental 
phases (feedback versus baseline, p = 0.013; feedback versus story telling, p < 0.001; 
feedback versus mental arithmetic task, p = 0.004). There was no significant difference 
between baseline and mental arithmetic task (p > 0.05).  
 
Table 1. Means (and standard deviations) of heart rates and anxiety levels during different 
experimental phases 
Experimental phases Heart rate  
(beats per minute) 
Anxiety level 
Baseline 89.27 (15.17) 3.88 (2.61) 
Stress manipulation (story telling) 97.79 (14.69) 7.24 (2.07) 
Stress manipulation (mental arithmetic) 90.60 (14.18) 5.18 (2.32) 
Feedback 84.50 (13.82) 2.71(2.61) 
Anxiety level was measured by a 11-point scale of anxiety thermometer (Houtman & Bakker, 
1989) (0 = not nervous at all, 10 = extremely nervous).  
 
Acoustic measures across the three phases 
As the story telling task in the experimental protocol was found to be the only 
effective task to induce acute psychological stress in participants, the result below focused on 
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comparing the results between story telling task, baseline phase and feedback phase to 
investigate the effects of acute psychological stress on the acoustic measures in children’s 
speech. Table 2 shows the means and standard deviations of F0 and SDF0 during the baseline, 
story telling and feedback phases.  
One-way repeated measure analysis of variance (ANOVA) was conducted to compare 
the change of F0 and SDF0 under different experimental phases. The result shows that there 
was no significant difference observed in F0 [F (2,32) = 0.35, p >0.05] and SDF0 [F (2,32) 
=0.87, p >0.05] under different experimental phases.   
 
Table 2. Mean (and standard deviations) of fundamental frequency and standard deviation of 
fundamental frequency in different phases 
Experimental phases Fundamental 
frequency (Hz) 
Standard deviation of 
fundamental frequency 
(Hz) 
Baseline 219.59 (37.75) 47.34 (14.15) 
Stress manipulation (Story telling) 221.71 (42.43) 45.58 (13.52) 
Feedback 220.56 (37.82) 48.16 (13.01) 
 
Discussion 
The present study aimed to investigate the effects of acute psychological stress on 
physiological and acoustic parameters in vocally healthy children. Prior to this goal, an 
adequate stressor that causes a significant and reliable psychological stress in children 
population should be developed and evaluated first. Although personality may affect an 
individual’s perception and reaction to psychological stress (Lazarus and Folkman, 1984), the 
effects of between personality depositions (locus of control) on stress perception was not 
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revealed in the present study due to the limited number of participants recruited and their 
homogeneity of locus of control shown by CCNS-IE. Thus, the discussion below focused on 
the general effect of acute psychological stress on psychological (self-perceived anxiety 
level), physiological (heart rate) and acoustic measures in the participants.  
Effects of acute psychological stress on heart rate and self-perceived anxiety level 
Previous researches (Beatty & Behnke, 1991; Sharpley, Power, Mollard, & Parsons, 
1993) suggested that heart rate and self-perceived anxiety level increase in response to 
exposure to psychological stress. These two parameters were examined in this study to 
determine whether desired effect of psychological stress was induced by the modified and 
translated TSST-C protocol. The present results revealed that, as expected for a stress 
inducing experimental protocol, the modified version of psychological stressor protocol 
TSST-C led to a significant increase in heart rates and self perceived anxiety levels.  
Interestingly, the main effect of psychological stress was induced during the story 
telling task but not the mental arithmetic task. These findings were not consistent with 
previous study (Buske-Kirschbaum et al., 1997) which suggested that both story telling and 
mental arithmetic tasks would lead to increase in heart rate and cortisal level in German 
children aged 9 to14 years. A possible explanation for this result is that, mathematics was 
perceived as an important academic subject that would be useful in achieving more advanced 
of education in Chinese population (Leung, 1995). With the difference in cultural beliefs, 
Asian children are often provided with more intensive training on mathematics and they have 
been consistently found to be more proficient in mathematics performance than Western 
children (Hess, Chang & McDevitt, 1987; Wong, 1988). Therefore, one may hypothesize that 
the proficiency in mathematics performance in Asian population may increase their 
confidence in handling the mental arithmetic task, and therefore less psychological stress was 
triggered. 
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Another interesting observation is that the heart rate measurements and self-perceived 
anxiety levels in baseline phase are significantly higher than those in feedback phase. Such 
difference possibly is an indication that the first baseline task already induced some level of 
psychological stress in participants. It is possible that the participants tended to feel more 
anxious at the beginning on the experiment when they first encountered unfamiliar person 
(the experimenter) and environment (the laboratory setting). During the feedback phase, they 
felt much relaxed and comfortable as they were informed that the experiment was over and 
they were reassured that they did well in the story-telling task. This finding may suggest that 
data in the feedback phase could be more representative than the baseline phase in reflecting 
the participant’s habitual level of physiological functioning in daily environment. 
The results from this experiment imply that the effects of inducing acute 
psychological stress by TSST-C might not be able to fully generalize across different cultures, 
and thus evaluating the effectiveness of the procedure before its application to a particular 
culture is necessary. In this study, the story telling task in modified and translated TSST-C 
could be considered as an adequate experimental protocol to induce significant psychological 
stress in Hong Kong boys aged 9-12 years. Further study is warranted determine the overall 
effectiveness of the protocol in inducing stress in laboratory setting in Hong Kong population 
across different genders and ages. 
 
Effects of acute psychological stress on acoustic measures 
The F0 of speech during different experimental phases was obtained by reading aloud 
passage in baseline and feedback phases and story telling in stress manipulation phase. The 
result revealed a slight increase in F0 during stress manipulation phase. The SDF0 was also 
tracked throughout the experiment. The result of the study showed that the SDF0 value was 
slightly, although not statistical significantly, smaller in story telling task than baseline and 
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feedback phase, suggesting a relatively monotonous voice in stressed speech (Hinck, 2004). 
This effect was subjectively perceived in the speech of most participants by the researcher, 
and was also reported in other study (Freeman, Sawyer, & Behnke, 1997).  
However, contradicts to prediction, only slight changes in F0 and SDF0 under stress 
manipulation were revealed and they were not significantly different from those in baseline 
and feedback phases in statistical analysis. This finding contradicts to the general notions that 
significant increases in F0 are commonly observed under stressful condition in adult’s 
population (Juslin & Scherer, 2005).  
One possible explanation to account for the findings is that, the extent of acute 
psychological stress induced in the present experiment was not sufficient to yield a distinctive 
change in acoustic measures in children’s voice. Juslin and Scherer (2005) suggested that 
vocal response under emotional arousal could be expressed in three levels. The first level is 
physiological level, which refers to changes at nervous system, including generation of nerve 
impulses or alternation in muscle innervation pattern. The phonatory-articulatory level refers 
to the change of muscular movement in the major structures of voice production mechanism, 
such as oral motor structures and vocal folds. Finally, the acoustic level refers to changes of 
characteristics of speech wave which could be objectively measured by acoustic instruments. 
Although these levels are inter-dependent, for example, a change in neurological innervations 
may lead to corresponding motor response at phonatory-articulatory level, the precise 
relationships between the three levels are unclear. Hence, changes occur at one level may not 
lead to the same result at another level. In the present study, the TSST-C protocol is found to 
be efficient in inducing acute psychological stress (as shown by significant increase in 
self-perceived anxiety level) and leads to changes of response at psychological level (as 
reviewed by significant increase in heart rate). However, the stress induced in the experiment 
might not be sufficient enough to elicit apparent changes at acoustic level. This might be 
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attributed to the task nature of public speaking used in the experiment.  
A public speaking task was used in the present study that the participants were 
required to tell a story in front of unfamiliar people (the experimenter) in an unfamiliar 
environment (laboratory setting). Public speaking task was consistently found to be an 
effective method to induce acute psychological stress in adult population (Breaky, 2005; 
Kirschbaum, Pirke & Hellhammer, 1993; McCroskey & Beatty, 2000). However, since the 
cognitive development is not completed in children, and their social experience is relatively 
limited, their content of anxiety and fears might be different from that of adults. Morris and 
Kratochwill (1983) reported that the fear content varies with ages: young children are fear of 
supernatural phenomenon, scary creatures or body injuries; while adolescences are fear of 
academic competition and social comparison. It showed that the perception of fear and 
psychological stress would be interfered by one’s cognitive maturation and life experience. 
With increasing social experience, young children may become more aware of other’s 
perspective about them and become more socially anxious. Argument from Buss (1980) also 
supports this perspective. According to Buss, society anxiety (including public speaking fear) 
is mainly caused by later-developed ‘self-conscious shyness’ rather than inborn reaction to 
fear. The self-conscious shyness emerges at later childhood and continues to develop till 
adulthood through embarrassments in social interaction, social comparisons and criticisms. 
With this background, one may hypothesize that, although the public speaking task can 
induce psychological stress in children, the extent of stress induced might not be as high as it 
does in adults’ perspective. The participants in the present study may find the story telling 
task challenging and feel anxious about it. However, the extent of psychological stress might 
not be sufficient to induce a perception of ‘fear’ and result in a dramatic changes at acoustic 
level, since the participants might not be as caring about others’ viewpoints as adults do.  
Moreover, the methodological differences between modified and translated TSST-C 
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protocol and the standard TSST protocol for adult (Kirschbaum et al., 1993) may also 
influence the extent of acute psychological stress induced. In the standard TSST protocol for 
adults, the participants are required to give an oral presentation for five minutes to convince 
the evaluation panel members that he or she is the best candidate for a job based on his/her 
personal characteristics. If they finish their speech in less than five minutes, they will be 
forced to continue the speech by answering personal questions (for example, ‘Do you have 
any friends?’) asked by the experimenters. However, in this experiment, the experimenter 
only looked at the participants with neutral facial expression if they finished their stories in 
less than three minutes, and the participants were not compelled to expand their speech after 
they indicated that their stories were finished. The gentle nature of the TSST-C protocol may 
further decrease the extent of psychological stress induced.  
 
Limitations and directions for future research 
A laboratory stress inducing protocol (TSST-C) was used in the present study. 
Although adequate acute psychological stress was induced by the protocol, the extent of the 
psychological stress may be relatively weaker than those occur in natural situation (Tolkmitt 
& Scherer, 1986). Further studies may focus on investigating the acoustic changes in 
children’s voice under stressful conditions in real life, such as having conflicts with peers, or 
during a sports competition. These observations would be closely related to children’s daily 
lives and hence generalization of result could be assured. 
Additionally, investigating the acoustic changes in children’s voice in highly stressed 
conditions is also recommended. This could be done by adopting tasks which match the 
children’s content of fear, such as having an adventure in a haunted house or watching an 
unpleasant movie related to aliens.  
Beyond acoustic measures, the effects of acute psychological stress on motor response 
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in children’s voice production mechanism are also unclear. Further studies aiming at 
investigate the changes at phonatory-articulatory level under stressful condition by 
instrumental device, such as surface electromyography (SEMG), are warranted. This could 
help in advancing the understandings of relationships between psychological stress and 
laryngeal functioning in children.  
 
Conclusion 
In conclusion, the present study helps in developing and evaluating a laboratory 
experimental protocol (modified and translated version of TSST-C) in inducing acute 
psychological stress in boys aged 9-12 years. The story telling task in the protocol induced 
significantly higher heart rate and self-perceived anxiety level in children. However, the 
results revealed that the extent of stress induced did not lead to a significant change in 
acoustic measures namely fundamental frequency and standard deviation of fundamental 
frequency. Future research in investigating acoustic changes under stressful situation in real 
life and highly stressed condition, as well as the corresponding physiological changes at 
phonatory- articulatory level under acute psychological stress are recommended. 
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Appendix A The anxiety thermometer (Houtman & Bakker, 1989)  
     
          
 
       完全 
不緊張 
        非常 
緊張 
      0 1 2 3 4 5 6 7 8 9 10 
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Appendix B: TSST-C (Buske-Kirschbaum, Jobst, Wustmans, Kirschbaum, Rauh, & 
Hellhammer, 1997) and the modified and translated version used in this study 
 
TSST-C (Buske-Kirschbaum, Jobst, 
Wustmans, Kirschbaum, Rauh, & 
Hellhammer, 1997) 
Modified and translated version used in the 
present study 
Setting: 
 2 persons sitting behind a table 
 Tape recorder 
 Video camera 
 Microphone 
 Wireless signal transmission device for 
heart rate measurement 
Setting: 
 1 person sitting behind a table, 1 
research assistant sitting nearby the 
participant 
 Tape recorder 
 Video camera 
 Microphone 
 Finger tip pulse oximeter 
Measurement in Baseline phase 
 Measurement of heart rates 
Measurement in Baseline phase 
 Measurement of heart rates 
 Fundamental frequency and standard 
deviation of fundamental frequency 
measurement in reading standard 
passage 
上課了，山羊老師要教大家說話。小牛和
小馬聽了，都覺得好笑，心裏想：誰不會
說話呢？ 
  
山羊老師請同學們出來練習說話。小牛第
一個舉手要說笑話。他越說越快，越說聲
音越小，還沒說到一半就笑個不停。 
 
小馬出來給大家講故事。同學們都專心聆
聽，可是小馬前言不搭後語，大家越聽越
不明白。 
 
小牛和小馬終於知道，說話真不簡單，也
要好好學習。 
 
取自: 〈快樂學語文〉 一上第一册 教育
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出版社 
Public Speaking Phase 
 Preparation of 5 minutes in another 
room 
Story begins with 
"Yesterday my best friend Robert and I went 
home from school. Suddenly, we had the idea 
to visit Mr. Greg who lived in the big old 
house located in the dark forest near our 
town. Mr. Greg was a crazy old man and our 
parents didn't like the idea that we sometimes 
went visiting him. There was a rumor in town 
that there was a mystery about the old house. 
When we arrived at the house we were 
surprised 
that the door was open. Suddenly we heard a 
strange noise and cautiously, we entered the 
dark hall. . .". 
 
 
 Finish the story for 5 minutes time 
 Mental arithmetic tasks: successive 
subtraction of 7 from 758  
Public Speaking Phase 
 Preparation of 4 minutes in the same 
room 
Story begins with 
‘那天早上，我替班主任將練習簿送到
教員室。 我發覺一張教師桌上擺放一
盆十分吸引的巧克力。我心想：這些
巧克力裝得滿滿的，吃它三兩顆，沒
有人發覺的。於是，我向整個房間瞄
一瞄， 確定沒有人，便快速把它吞下
去。突然間， 我的身體像正在洩氣的
氣球一樣逐漸縮小，而四肢也慢慢變
短， 我竟與身旁的橡皮擦一樣大。 起
初，我被嚇得魂飛魄散，不知所措。 但
想着想着，這細小的身軀將會為我帶
來很多方便， 於是我開始我奇幻的旅
程……  
(amended from 置富始南小學寫作網
誌) 
 Finish the story for 3 minutes time 
 Mental arithmetic tasks: successive 
subtraction of 7 from 758 
Feedback Phase 
 Debriefing and discussion 
 Measurement of heart rate 
Feedback Phase 
 Debriefing and discussion 
 Measurement of heart rate and acoustic 
measure in reading standard passage 
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Appendix C- experimental protocol used in the study 
Experimental Protocol (Chinese version) 
1. Baseline phase 
範疇 內容 備註 
設置  響鬧計時器 (給參與者: 指示 4 分鐘準備時間和 3 分鐘演講時
間) 
 不響鬧計時器(給協作人員:每 30 秒記錄心跳用) 
 錄影機 
 心跳記錄器(Polar Belt) 
 錄音機 
 
第一階段: 
非緊張狀態 
  
介紹 你好, 我是言語治療學生曹姑娘。今日邀請你來, 是希望你參與一
個聲線測試 
 
同意書 之前你的監護人已同意你參與本研究， 但我們也希望你在這張同
意書上簽名, 表示你願意參加 (解釋同意書) 
 
聲線檢查 (研究員在對話中辨認參與者的聲線是否屬於正常, 另會提問之下
問題) 
1. 今天身體有不舒服嗎? 
2. 今天聲線情況如何? 有沒有聲沙? 
3. 昨天睡了多久? 
4. 今天吃了什麼? 有沒有吃煎炸/ 辛辣的東西? 
 
Locus of 
Control test 
這裡有一份問卷想請你填寫(一邊解釋一邊填寫)  
緊張程度測
試一 
(ii) Anxiety meter 
你覺得緊張嗎? 
請你用這條線來表達你的緊張程度 
(iii) 每 30 秒量度心跳一次 
 
儀器設置 i. 我們現在為你設置儀器 
ii. 這裡有一部量度心跳的機 (設置) 
iii. 另外我們會為你錄音 (設置)  
iv. (設置, 以/i/, /u/, /a/ x3/爸爸打哥哥/ x3 作測試) 
 
非緊張狀態
下的表現 
i. 現在請你放鬆, 這裡有一篇簡單的文章，請你把它讀出來 
(給予文章, 進行記錄) 
 
緊張程度測
試二 
1. Anxiety meter 
你覺得讀這篇文章時緊張嗎? 
請你用這條線來表達你的緊張程度 
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2. 每 30 秒量度心跳一次 
 
2. Stress manipulation phase (第二階段: 緊張狀態) 
範疇 內容 備註 
設置  響鬧計時器 (給參與者: 指示 4 分鐘準備時間和 3 分鐘演講時
間) 
 錄影機 
 
介紹故事演
講詳情 
 
i. 儀器沒有任何問題, 我們正式開始 
ii. 我們正在進行一個講故事比賽，每天都會有小朋友像你
一樣來到這裡參加。 
iii. 我有一個故事的開頭，我想你利用這個開頭完成一個精
彩的故事 
iv. 你會有 4 分鐘時間準備。在期間，你可以想一想要怎樣
發展這個故事，令它變得又刺激又精彩 
v. 之後你會有 3 分鐘時間演講這個故事。在你演講的時候，
除了我會聆聽你的故事外，我們還會錄影以作紀錄。 
vi. 為了勝出這個比賽, 我希望你會講得好精彩, 好刺激，比
其他小朋友都要說得好。 
vii. 你有沒有任何問題? 
(給予故事開頭) 
你能看懂題目的字嗎? 如果沒有問題你便可以開始準備 
(開始計時) 
 
故事演講 1. 時間已到。我們將會開始錄影。(開啟錄影機) 
2. 你可以開始你的故事演講(開始計時) {進行記錄} 
3. (研究員給予非口語的中性回應, 如沒有笑容地點頭) 
4. (研究員完成意見表) 
 
緊張程度測
試三 
1. Anxiety meter 
你覺得說故事時緊張嗎? 
請你用這條線來表達你的緊張程度 
2. 每 30 秒量度心跳一次 
 
連續減算 1. 你剛才說完故事, 我有一條數學題想你回答 
2. 我想你由 758 開始, 一直減 7 減 7 地連續減算 
3. 例如: 758 – 7 是? (751) 
再減 7 是?  (744)  
4. 沒錯。就是這樣進行連續減算。 我們測試一下你 2 分鐘之內
可以減到多少 
5. 但是, 如果你中途錯誤, 你就會看到這個指示牌。(展示) 當你
看到這個牌的時候，請你由 758 重新開始，明白嗎? 
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6. 我們可以開始 (開始計時):  
 進行記錄 
 758 – 751 – 744 – 737 – 730 – 723 – 716 – 709 – 702 – 695 – 688 – 
681 – 674 – 667 – 660 – 653 – 646 – 639 – 632 – 625 – 618 – 611 – 
604 – 597 – 590 – 583 – 576 – 569 – 562 – 555 – 548 – 541 – 534 – 
527 - 520 
緊張程度測
試四 
1. Anxiety meter 
你覺得計算時緊張嗎? 
請你用這條線來表達你的緊張程度 
2. 每 30 秒量度心跳一次 
 
3.  Feedback phase 第三階段: 非緊張狀態 
範疇 內容 備註 
解說 1. (研究員走到參與者旁邊) 
2. 我們這個比賽基本上完結了。你剛才的故事說得很好! (說2 個
長處)  
3. 你覺得自己表現如何? 緊張嗎?  
4. 你覺得說故事和減算哪個比較容易? 
5. 平時你較喜歡中文還是數學? 
6. 你還有什麼其他嗜好?  
(傾談約 3-4 分鐘，或直至參與者不再表現緊張情緒) 
 
非緊張狀態下
的表現 
1. 剛才你一開始曾經讀過一篇文章，現在請你再讀一次給予文
章,  
2. 進行記錄  
 
緊張程度測試
五 
1. Anxiety meter 
你覺得最後這一次讀文章時緊張嗎? 
請你用這條線來表達你的緊張程度 
2. 每 30 秒量度心跳一次 
 
為家長解說 我們今天整個測試都完成了 
多謝你的參與, 也很感謝家長特意帶小朋友過來參加 
 
這張意見表是我對於小朋友的演講技巧的一點小小的意見, 希望
可以幫助小朋友更加增進他的表達能力 
  
家長什麼問題嗎? 
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Experimental Protocol (English translated verion) 
1. Baseline phase 
Area Method Note 
Setting  Alarm Timer (For participants: indicate 4-min preparatory 
time and 3-min story telling time ) 
 Non-alarm timer (for helper: indicate 30-second interval 
for heart rate measurement) 
 Video Camera 
 Fingertip pulse oximeter (For heart rate measurement) 
 Microphone 
 
Phase 1: unstressed   
Introduction Hello! I am Ms. Cho, a student clinician. Today I will conduct a 
laboratory session of a voice research programme for you.  
 
Consent We have already obtained your parent’s consent for the 
programme. But we wish to have your consent too. Could you 
please sign on this consent form? (Explain the consent form) 
 
Voice Check (Perceptual voice check will be conducted by the investigator 
through normal conversion, the following question are asked) 
1. Are you suffering from any sickness today? 
2. How is your voice today? Any harshness present? 
3. How long have you slept last night? 
4. What have you eaten today? (any fried/ spicy food?) 
 
Locus of Control test Here is a questionnaire that I wish you to fill in. (Explain the 
questionnaire) 
 
Anxiety Measurement 
1 
1. Anxiety meter 
Do you feel anxiety now? Please use this line to 
indicate your anxiety level 
2. Heart rate (measured every 30 seconds) 
 
Setting We will set up the apparatus for you 
Here is a finger tip oximeter to measure your heart rate(set 
up) 
We will also record your voice (set-up microphone) 
Apparatus tested by: /i/, /u/, /a/ x3 and a phase (/爸爸打哥哥/ 
x3)   
 
Baseline taking 
 
Please relax, we would like to test on the apparatus now. Here is 
a simple passage, please read it out 
 
Anxiety measurement 2 
 
1. Anxiety meter: do you feel anxiety when you read the 
passage? Please use this line to indicate your anxiety 
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level 
2. Heart rate (measured every 30 seconds) 
 
 
2. Stress manipulation phase 
Area Method Note 
Apparatus 1. Alarmed Timer 
2. Video camera 
 
Present story 
and explain the 
rules 
 
1. The apparatus are working well. We can start now 
2. We are now conducting a story telling competition. Everyday, 
there are students, like you, to come and join our competition 
3. We will provide you the beginning of a satyr. We wish you 
could finish the story for us. 
4. You will have 4 minutes to prepare. During the preparation 
time, you can think of how to develop to story to make it 
exciting and interesting. 
5. And then, you will have 3 minutes to tell the story. While you 
are telling the story, I will listen to your story and give you 
comment. Meanwhile, we will also record your performance 
by video camera. 
6. To win this competition, I wish you can tell the story as 
exciting as possible. I hope you can perform as the best 
among all children participate in this competition. 
7. Do you have any questions? 
(Given the beginning of the story) 
Do you find any difficult in reading the story’s beginning? If 
not, then we can start the preparation 
(Start Timer) 
 
Story 
presentation 
1. Time’s up. We will start video recording (Turn on Video 
Camera) 
2. Please start your story. (Start Timer)  
3. non-verbal neutral response (such as nodding without 
smiling) 
4. (the investigator will finish a comment sheet) 
 
Anxiety 
Measurement 3 
1. Anxiety meter 
do you feel anxiety when you tell the story? Please use 
this line to indicate your anxiety level 
2. Heart rate (measured every 30 seconds) 
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Maths 
Calculation  
1. Just now you have finished telling a story. And now I have 
some mental mathematics task for you.   
2. Could you please start from 758, and minus 7 consecutively? 
3. For example, 758 – 7 equals to? (751) 
4. and further -7 equals to ? (744)  
5. Yes. We would like you to minus 7 consecutively. And we will 
see how many you could subtract in 2 minutes time.  
6. However, If you subtract wrongly during the process, you will 
see this notice (Show). When you see this notice, you would 
have to start from 758 again. Do you understand?  
7. Ok we could start now. (Timer starts) 
8. Recording 
9. 758 – 751 – 744 – 737 – 730 – 723 – 716 – 709 – 702 – 695 – 
688 – 681 – 674 – 667 – 660 – 653 – 646 – 639 – 632 – 625 – 
618 – 611 – 604 – 597 – 590 – 583 – 576 – 569 – 562 – 555 – 
548 – 541 – 534 – 527 - 520 
 
Anxiety 
Measurement 4 
1. Anxiety meter 
do you feel anxiety when you are doing the Maths? Please use 
this line to indicate your anxiety level 
2. Heart rate (measured every 30 minutes) 
 
3. Feedback Phase 
Area Method Note 
Debriefing 1. (The investigator approach the client)  
2. We have finished our competition just now. I think you have 
done a great job in the story telling (state 2 strengths) 
3. How do you think about your performance?  
4. which tasks do you find easier? 
5. Do you like Chinese more? Or Maths more? 
6. What do you do for leisure? 
(natural conversation for around 3-4 minutes, or when the 
child ease his tension) 
 
Baseline  1. You have read a simple passage when you first came in 
this room. I would like you to read it again now.  
2. Recording 
 
Anxiety 
Measurement 5.  
1. Anxiety meter 
Do you feel anxiety when you read this passage again? 
Please use this line to indicate your anxiety level. 
2. Heart rate (measured every 30 minutes) 
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Debriefing for 
parents 
1. We have finished our lab session today. Thanks for your 
participation 
2. Here is a comment sheet regarding your performance in 
the story telling task. We hope that this could enhance the 
participant’s expressive language ability 
3. Do the parents have any questions? 
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Appendix D: The Chinese Version of Nowick-Strickland Locus of Control Scale 
以下是一些孩子在日常生活中遇到的體驗，請小心閱讀每一句，然後在每句
的右方圈出你是或否讚同這些句子的描述。答案是沒有分對或錯的。不要花太多
時間在任何句子上，只要將你自己的感覺或體驗作出回答就可以了。 
 
1 您是否相信,有些孩子天生就很幸運?  是  /  否 
2 您是否覺得,大多數時候都不值得去努力, 因為反正事情從來都
不會如你所願? 
 是  /  否 
3 您是否認為,很多時候父母都會聆聽子女的說話?  是  /  否 
4 您是否相信願望會令好事實現?  是  /  否 
5 您是否覺得,您是幾乎沒有可能去改變父母對任何事物的想法?  是  /  否 
6 當您做錯事後,您是否感到您是幾乎無辦法去改正?  是  /  否 
7 您是否相信,大多數擅長體育的孩子天生就是如此?  是  /  否 
8 大多數與您同年的孩子都比您堅強?  是  /  否 
9 您是否認為處理大多數問題的最佳辦法就是不去想它?  是  /  否 
10 當一個與您一樣大的小孩決定去打您時,您是否感到您是幾乎無
辦法去制止他? 
 是  /  否 
11 您是否曾感到,別人對您的苛(惡)待往往是毫無道理的?  是  /  否 
12 您是否相信,如果不好的事要發生,無論您嘗試用什麼方法去阻
止, 都總是會發生? 
 是  /  否 
13 大多數時候,您是否發現您是不能嘗試在家裡隨自己意願做事?  是  /  否 
14 當一個和您一樣大的人要跟您作對時,您是否感到您是幾乎無辦
法去改變這事情? 
 是  /  否 
15 您是否經常覺得,您對在家裡要吃什麼,幾乎是無發言權的?  是  /  否 
16 如果有人不喜歡您,您是否感到這是幾乎無辦法的?  是  /  否 
17 您是否經常感到,在學校念書再用功也沒用,因為其他孩子總是比
您聰明? 
 是  /  否 
18 您是否那種相信預先把事情計劃好就會有較好成果的人?  是  /  否 
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19 大多數時候,您是否覺到家人所作的決定,您是很少有發言權的?  是  /  否 
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Appendix E The Nowicki-Strickland Locus of Control Scale for Children grades 7 to 12 
(N-SLCS) 
 
Please circle Yes or No for each question as it applies to you. 
Yes No 1.  Are some kids just born lucky? 
Yes No 2.  Do you feel that most of the time it doesn’t pay to try hard because things never 
turn out right anyway? 
Yes No 3.  Do you feel that most of the time parents listen to what their children have to 
say? 
Yes No 4. 4 Do you believe that wishing can make good things happen? 
Yes No 5. 5 Do you feel that it’s nearly impossible to change your parent’s mind about 
anything? 
Yes No 6.  Do you feel that when you do something wrong there’s very little you can do to 
make it right? 
Yes No 7.  Do you believe that most kids are just born good at sports? 
Yes No 8.  Are most of the other kids your age stronger than you are? 
Yes No 9.  Do you feel that one of the best ways to handle most problems is just not to think 
about them? 
Yes No 10.  Do you feel that when a kid your age decides to hit you, there’s little you can do 
to stop him or her? 
Yes No 11.  Have you felt that when people were mean to you it was usually for no reason at 
all? 
Yes No 12.  Do you believe that when bad things are going to happen they just are going to 
happen no matter what you try to do to stop them? 
Yes No 13.  Most of the time do you find it useless to try to get your own way at home? 
Yes No 14.  Do you feel that when somebody your age wants to be your enemy there’s little 
you can do to change matters? 
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Yes No 15.  Do you usually feel that you have little to say about what you get to eat at home? 
Yes No 16.  Do you feel that when someone doesn’t like you there’s little you can do about 
it? 
Yes No 17.  Do you usually feel that it’s almost useless to try in school because most other 
children are just plain smarter than you are? 
Yes No 18.  Are you the kind of person who believes that planning ahead makes things turn 
out better? 
Yes No 19.  Most of the time, do you feel that you have little to say about what your family 
decides to do? 
 
